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摘      要 
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摘      要 
 
目前对北极浮冰区生态系统的研究非常有限。本文通过德国“极星”号
ARK-15 和 ARK-18 北极秋季航次（1999 和 2002 年）、以及中国首次和第二






1）2002 年秋季弗拉姆海峡浮冰柱总生物量（细菌+原生生物）为 75.7~ 
110.9 mg C m-2，平均为 94.1 mg C m-2；2003 年加拿大海盆浮冰柱总生物量为






















































Through several Arctic expeditions, including Germany Polarstern’s Arctic 
cruises near Fram Strait (ARK-15 and ARK-18,  in 1999 and 2002 respectively) and 
the Chinese First and Second Arctic Expeditions in the Canadian Basin (in 1999 and 
2003), the following studies were carried out: The biomass, community structure 
and their vertical distribution within the pack ice, comparison of pack ice 
community to those in other Arctic marine habitats (water column under pack ice, 
fast ice, open water),  and the growth and grazing rates of the main assemblages 
within the pack ice through the dilution experiment.  
The ice stations were selected during the Arctic cruises. Ice cores were 
collected with MARK II ice augers and temperature profiles were measured using a 
Testo-110 temperature sensor. The ice cores were layed and carried back to the low 
temperature laboratory (4℃)on board. One group was melting directly for the 
measurements of salinity, chlorophyll concentrations and nutrients, etc. The other 
group was melted within 0.2 μm filtered sea water, DAPI stained and filtered on the 
0.2 μm pore-size black Nuclepore filters. The main taxa of the community were 
counted on the Zeiss epifluorescence microscope. Small volumn of melted water 
samples were stained with SYBR Green I and filtered on the 0.02 μm pore-size 
Anodisc Waterman filters, and VLPs were counted on the epifluorescence 
microscope. The series dilution experiments were used to analyze the growth and 
grazing rates of the main assemblages within pack ice. The underlying water 
samples beneath the pack ice were collected in different depths with rubber pipe or 
Kemmer water sampler. The water samples in ice free zone were collected with 
Niskin water sampler. The samples were stained with DAPI and filtered on the 0.2 
μm pore-size black filters and counted on the epifluorescence microscope.  Simple 
sediment traps were setted on the ice station for the study of the flux of biogenic 















The pack ice biomass were much lower than those had been reported in the 
Greenland Sea (200 mg C m-2), and the bacteria, replaced the ice algae, became the 
dominant assemblage in the pack ice. The integrated biomass (bacteria+protist) 
within autumn pack ice were between 75.7 and 110.9 mg C m-2，with an average of 
94.1 mg C m-2 in the Greenland Sea during 2002, which was about half of the 
biomass that has been reported in this area. And the integrated biomass in summer 
pack ice in the Canadian Basin were between 48.4 and 58.1 mg C m-2, with an 
average of 55.2 mg C m-2. The results show that on the background of quick 
warming and melting of pack ice during summer in the Arctic, the pack ice 
community change radically. 
Bacteria constituted 50% of the total integrated biomass on average within the 
autumn pack ice near the Fram Strait in 2002, following with diatoms (32.4%), 
heterotrophic flagellates (10.6%), ciliates (5.8%) and autotrophic flagellates (1.3%). 
In the summer pack ice in the Canadian Basin in 2003, the bacteria contained 84.7% 
of the total integrated biomass, following with heterotrophic flagellates (11.8%), the 
ice algae (diatoms+autotrophic flagellates) contained only 3.5% of the total 
integrated biomass. The biomass of ciliates can be ignored for their almost lackage 
within the pack ice. This change in the Arctic pack ice will lead to the lower primary 
production and difficulty of the transfer of carbon and energy through the food chain, 
which will potentially influence the community both in the pack ice and in the upper 
water column, even the biogeochemical cycle of the biogenic carbon in the Arctic 
Ocean. 
The quick melting of pack ice during summer might be a most important factor 
to cause the low biomass and change of community structure, which lead to the 
quick change of microhabitat within ice and low salinity. As a result, ice algal bloom 
couldn’t form within ice. The analysis for the parameters showed that the 
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and the quick melting of pack ice during summer, which leads to the low salinity, 
might be the most important factor to cause the low biomass within pack ice.  
Because of the complication of the pack ice themshelves, several vertical 
distribution patterns of the assemblages existed within pack ice. The peaks of 
biomass were observed both in the bottom and interior of pack ice. The biomass 
were dispersed within the whole ice column, and in the summer pack ice in the 
Canadian Basin, the biomass within bottom 10 cm contained only 6.3% of the 
integrated biomass of the ice column. So it’s necessary to learn the community in 
the whole ice cilumn, rather than the only several centimeters in the bottom of pack 
ice.  
During the ice algal bloom in the Arctic autumn pack ice, the herbivory of 
micro-fauna (<200 μm) was the main carbon flow whin the community in the bloom 
section, the grazing habit of the micro-fauna would determine in some extent the 
food constitution (the abundance of bacteria and ice algae).  
The biomass within the pack ice were higher than those in the underlying water 
column, suggesting the importance of pack ice community in the pack ice zone. In 
the underlying water column, the percentages of bacterial biomass to the total 
microbial community (bacteria+protist) were even higher than those in the pack ice. 
The percentages were 66.2% in the Greenland Sea and 82.1% in the Canadian Basin. 
Furthermore, combined the studies of microbial community in other Arctic ocean 
habitats (water column under pack ice, fast ice and open water), all studies suggest 
that the bacteria and protozoa (and even including the nano-phytoplankton) have a 
high contribution to the total biomass of the microbial community, which suggest 
that the microbial loop might be important in the Arctic seas and the study should be 
strengthened in the future.  
 
























序          言 
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时，贡献额占 50%以上的春季冰缘水华（ice edge bloom）与海冰微藻（简称
冰藻，ice algae）的在融冰期间的“播种作用”存在一定的相关性[2]。海冰冰
藻同时也是冰下水柱浮游动物在食物匮乏的冬季顺利过冬的关键食物来源[3]。 



































南极海冰生态学研究的第一批成果[6-7]。1988 年 11 月至 1989 年 3 月我国第五
次南极考察期间，我国与日本科学家合作开展了长城湾海冰有色层的生态学观









了宝贵的现场经验。在我国第一和第二次北极科学考察期间（1999 和 2003 年
7-9 月），我国在加拿大海盆海域开展了夏季浮冰生态学研究。 



















序          言 

































        海冰的广泛分布是南、北极海域 显著的自然环境特征, 南大洋冬季海冰
的覆盖面积高达 20×106 km2, 夏季减少为 4×106 km2；北极海冰冬季 大覆盖面
积为 14×106 km2，南缘可延伸至北太平洋和北大西洋的部分海域，夏季 小覆





3~5 m; 而南极浮冰主要为一年生海冰（first-year ice，也称当年冰），即浮冰
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